Precordial S-T segment elevation mapping: an atraumatic method for assessing alterations in the extent of myocardial ischemic injury. The effects of pharmacologic and hemodynamic interventions. Am J Cardiol 29: 223, 1972 24. Muller JE, Maroko PR, Braunwald E: Evaluation of precordial electrocardiographic mapping as a means of assessing changes in myocardial ischemic injury. THE ABILITY TO monitor hemodynamics in a critically ill patient, at the bedside, has increased our understanding of the pathophysiology of heart disease and the effects of therapeutic interventions on myocardial performance. Indices of left ventricular function which are usually measured include pulmonary artery wedge pressure, arterial pressure and cardiac output.1 2 However, none of these parameters are dependent entirely upon the absolute level of left ventricular function. They are affected by changes in ventricular compliance and/or fluctuations of the central volume."' Therefore, measurements of these parameters of left ventricular function are often confusing and may even be misleading.
SUMMARY Changes in ejection fraction (EF) and segmental wall motion (SWM) have been shown to be sensitive indicators of left ventricular (LV) function. This information is only obtainable by contrast angiography or gated blood pool scans. Gated studies assume a fixed geometry for the LV for EF determinations, are lengthy and limited primarily to the LAO projection. We correlated contrast and Tc-99m pertechnetate angiograms by single pass radioisotope angiography (immediately preceding the contrast study) in 12 patients. EF was calculated from the LV time/activity curve and values ranged from .21 to .72. Angiographic correlation yielded r = 0.97. Regional LV wall motion was evaluated by dividing a summated cardiac cycle THE ABILITY TO monitor hemodynamics in a critically ill patient, at the bedside, has increased our understanding of the pathophysiology of heart disease and the effects of therapeutic interventions on myocardial performance. Indices of left ventricular function which are usually measured include pulmonary artery wedge pressure, arterial pressure and cardiac output.1 2 However, none of these parameters are dependent entirely upon the absolute level of left ventricular function. They are affected by changes in ventricular compliance and/or fluctuations of the central volume."' Therefore, measurements of these parameters of left ventricular function are often confusing and may even be misleading.
Ejection fraction has been reported to be a sensitive indicator of left ventricular function4 but it can also be misleading since it varies with changes in both afterload and preload, independent of changes in left ventricular function.5 Segmental wall motion has been shown to be one of the most sensitive indicators of left ventricular function"8 but until recently 'has only been obtainable during cardiac catheterization.
Gated cardiac blood pool scans have been shown to be useful in determining ejection fraction and qualitatively into 16 frames and dynamically and sequentially displaying these frames. Regional wall motion evaluation of four LV quadrants correlated well with angiography (r = 0.97). For quantitation these images were divided into four anterior and four inferior segments and the areas of respective segments were compared and expressed as a shortening fraction. SWM compared favorably with angiographic determinations (r ranged from 0.70 to 0.99). Thus, single pass radioisotopic determinations of EF and SWM in the RAO projection correlate well with the angiographic values and provide essential quantitative information on LV function otherwise unobtainable at the bedside.
evaluating regional wall motion.9 These studies are limited by assuming a fixed geometry for the left ventricular ejection fraction calculation, and by requiring lengthy acquisition times and a stable cardiac rhythm. They also are limited primarily to the left anterior oblique projection. The technique of single pass radioisotope angiography provides rapid bedside determination of ejection fraction and quantitation of segmental wall motion in the critically ill patient.
Methods and Materials
Twelve patients, age 27 to 67 (mean 51) years, were studied. Three patients had valvular heart disease, and nine patients had symptomatic coronary artery disease. All patients required cardiac catheterization for diagnosis and evaluation of coronary artery disease and/or evaluation of myocardial function.
The studies were performed in the cardiac catheterization laboratory. Using standard techniques a Swan-Ganz catheter was positioned in the right pulmonary artery and another catheter in the body of the left ventricle. The patient was placed in the 300 right anterior oblique projection.
Twenty-five millicuries of Technetium-99m (2 ml of sodium pertechnetate) was placed in an extension tube connected to the distal lumen of the Swan-Ganz catheter. Ten milliliters of 5% dextrose solution was then rapidly injected through the extension tubing to achieve a bolus injection of the Tc99m pertechnetate.
Imaging was accomplished using an Ohio Nuclear por- The edge of the ventricle is then found for the area enclosed within these regions of interest. The technique consists of finding the second derivative of the matrix in two dimensions and displaying these points with all others set to 0.
Regional wall motion can then be qualitatively assessed in two ways. First, the end-diastolic and end-systolic outlines can be superimposed on the television monitor yielding the familiar image of wall motion ( fig. 4b ). Regional wall motion is assessed by dividing the RAO silhouette into four regions: anterobasal, anteroapical, inferoapical and posterobasal. Wall motion in these segments is compared with that of the angiographic image and rated as normal, hypokinetic, akinetic or dyskinetic. Independent observations from three observers were used in evaluating 48 segments from the 12 patients.
For dynamic evaluation of regional wall motion, the 16 frames or images of the summated cardiac cycle are then rapidly and sequentially displayed producing a cine display ( fig. 5 ). The true edge of each of these 16 sequential frames can be highlighted and the observer thus obtain a cine image of the "beating edge" of the ventricle.
Quantitation of left ventricular segmental wall motion is then accomplished. The long axis of the ventricle for end diastole and end systole is computed by connecting the midpoint of the aortic width (the "break points" of the chimneylike projection) to the apex of the ventricle. The long axis is then quadrisected, yielding eight segments (four anterior and four inferoposterior) ( fig. 6 ). This process is carried out separately for the end-diastolic and end-systolic images. The area of each of the eight segments is then determined for end diastole and end systole and the difference in areas is expressed as percent contraction. The same technique is used for analysis of the contrast-angiographically determined images.
In order to assess the reproducibility of the technique, six sequential first pass radioisotope angiograms were performed at two minute intervals in each of five patients using the radioisotope Krypton-8 lm. The technique was similar to the preceding with the exception that a catheter was first placed in the left atrium via the transatrial septal route and the Krypton injected into the left atrium.
Krypton-8 I m is an ultrashort-lived radioisotope, the product of the decay of Rubidium-81. Krypton-81m has a half-life of 13 seconds thereby making repeat isotope angiograms possible within two minutes after the initial in-END -DIASTOLE END -SYSTOLE FIGURE 6. The outlines of the left ventricle (RA O projection) are seen in both end diastole and end systole. The long axis is automatically generated connecting the midpoint of the aortic valve with the apex of the ventricle. The long axis is then automatically quadrisected for both end diastole and end systole and the areas of the produced segments are calculated.
jection. The administration was carried out in the following manner: A specially designed generator was made consisting of 40 mCi of Rubidium-81 adsorbed onto an ion exchange column in series with a second isotope-free ion exchange column. These two columns were housed within a lead container with 4 Fr entrance and exit tubes attached to stopcocks. The system was purged free of air with a 5% solution of dextrose in water and connected in series to the left atrial catheter. At the time of injection approximately 2 ml of the 5% dextrose solution was flushed through the generator into the left atrial catheter and then the resulting activity in the catheter flushed into the patient's left atrium with a bolus of 5% dextrose solution. The acquisition and processing of the data were handled the same as for the Technetium-99m studies.
The student's t-test for paired data, the two-sample rank test and standard regression analysis for calculating correlation coefficients were used for statistical analysis.1'
Results

Ejection Fraction
The results of ejection fraction determinations in the 12 patients are listed in table 1. These results are compared to ejection fractions determined from the RAO cineventriculogram in figure 7 . Ejection fractions varied from 21% to 72% and the correlation between the two techniques was good (r = 0.97). The slope of the regression line was 0.81 compared to the ideal value of 1.00. 
Regional Wall Motion
Results of qualitative assessment of regional wall motion are listed in table 2. The rank correlation with contrast angiography for the two techniques is excellent. Examples of the correlation of the two techniques can be seen in figures 8 and 9.
Segmental Wall Motion
The results of quantitative wall motion analysis are listed in table 3. The comparison of segmental wall motion for segments 2 through 7 revealed good correlation (r ranging from 0.70 to 0.99) and is plotted in figure 10 . Poor correlation was found for segments 1 and 8 and can be explained by the artificial "hand-drawn" superior border for those segments made when the region of interest is drawn through the aortic valve plane. The fact that the left atrium occupies a variable portion of segment number 8 also affected the correlation.
There is good general correlation throughout the entire range of segmental wall motion: from -1% to + 62% contractility with areas of dyskinesis being represented as well as areas of hyperkinesis.
Reproducibility
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wall motion, in itself, is a powerful indicator of regional myocardial function.
There have been no previous reports on the quantitation of segmental wall motion (percent contractility) using single pass radioisotope angiography. This technique has shown excellent qualitative and quantitative correlation and reproducibility in the evaluation of segmental wall motion.
With the advances being made in the treatment of acute myocardial infarction with therapeutic modalities that are potentially deleterious, the need for fast, accurate and reproducible evaluations of left ventricular function at the bedside is obvious.
Single pass radioisotope angiography is easily performed, rapid (requiring only 30 seconds of data acquisition), does not alter left ventricular function and can be performed in any projection. If a radioisotope with a short biological halflife is used (for example 99m-Technetium-DTPA) studies can be repeated after 2-3 hours.
This technique correlates well with contrast angiographic determinations of ejection fraction and segmental wall motion and allows for serial determinations of left ventricular function, and therefore is especially applicable to evaluating critically ill patients and can be incorporated into the management of these patients in an intensive care unit setting.
